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INTRODUCTION 
An increase in the proportion of first-time spawners in the population of 
Arcto -Norwegian cod spawning in Lofoten has been observed during the 
last years (Hylen & Dragesund 1970). Fewer eggs, therefore, are spawned 
from each fish, since the nwnber of eggs in correlated to the size of the 
m.other fish (Botros 1962). The quantitative relation between eggs and larvae 
and the succeeding yearclasses of cod is disputed, and will not be consider-
ed here. 
The changing size - structure of the spawning population might also effect 
the quality of the eggs and lar~·3.e. For Norwegian spring- spawning herring 
Hem.pel & Blaxter (1967) found eggs of lower weight from the first- time 
spawners. Similar works on species with pelagic eggs are conflicting (Grau-
m.an 1965, Heincke & Ehrenbaum 1900). For Argentine anchovy Engraulis 
anchoita Hubbs & Marini. the positive correlation between size of mother 
fish and egg size is clearly demonstrated, but no variation in survival is 
found for larvae hatched from small and big-sized eggs, (de Ciechomski 
1966). For Baltic cod, however, a positive correlation between size of 
mother fish, eggsize and larval survival was found (Grauman 1964). 
MATERIAL AND METHODS 
The material was collected in Lofoten during March and April in 1969 and 
1970. 
In 1969 spawning cods were caught on 18 and 31 March \vith purse seine. 
The cod were kept live in a comtnercial well-boat. 
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In 1970 the material was caught 12 March with danish seine and 10 April 
with purse seine. 
Eggs were artificially fertilized and measurements were made at the 2-cell 
stage. Data on length, weight and TIlaturity stage were collected from. the 
parents together with the otoliths for determination of age, spawning zones 
and type (Rollefsen 1933). 
For diam.eter measurements a 'f;latson eyepiece was used, and the neutral 
b.uoyancy of the eggs was determined by suspending eggs in water of different 
salinities (Sundnes et al. 1965). The neutral buoyancy is expressed in per 
mille salinity as no difference in therm.a1 expansion could be traced between 
seawater and cod eggs. The measure error is about :t 0.5 per mi11e sq.linity. 
Eggbatches from. 15 Arcto-Norwegian cods fertilized in March and April 
were transported by air to a hatchery at the Institute of Marine Research, 
Bergen. The total length of the larvae at 50 %-hatching and subsequent length 
rneasurenlents on starved larvae were made up to the time :mass mortality 
occured. The water in the hatchery was pumped from. a depth of 130 :m and 
the plankton content is ass1iIned to be negligible. Food particles were never 
found in the stomachs of the starved larvae. 
During both seasons naturally spawned eggs were collected with Clarke-
Burnpus plankton sa.:r:.tlpler and Zaitzev surface sampler in the Lofoten area. 
All m.easurem.ents on eggs and larvae were made on live material. 
RESULTS 
Fig. I shows the intraspecific variation in egg size for the total 1969 ma-
terial, together with eggsamp1es from. the sea. the totai si~e range for the 
artificially fertilizad eggs is almost the same as for egg sarnpled at sea. 
The diam.eter range for individual fish, however, is smaller than for eggs 
sampled at sea. 
Fig. 1 gives the impression that egg size is independent of the size of 
mother fish. During the investigation, however, it became obvious that both 
the eggs in the ovary and the newly hatched larvae were effected by non-
parental factors. Fig. 2 shows the observed reduction in egg volum.e when 
eggs were taken at different times from. the sam.e cod. During 14 days this 
reduction reached 24 %. 
Due to this fact it is irnportant to com.pare cod fem.ales in the sam.e stage 
of gonad ripeness to detect parental effects. The ordinary :maturity scale 
is not suitable for this purpose, and in practise it is very difficult to ob-
tain co:rnpara bIe rnaterial. 
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The reduction in egg size with time is also reflected on the egg population 
in Lofoten as shown in Fig. 3. The reduction becomes m.ore significant 
when the last eggsample in both seasons is divided in eggs older or younger 
than stage El' where the fish larvae is easily recognized (Rollefsen 1929). 
The younger eggs, spawned late in the season, are significantly sInaller both 
years. The reduction in egg volum.e during 1969 and 1970 is 13 and II %, 
respectively. The egg voluIne seem.s to be somewhat sm.aller, about 6 %, 
in 1970 than in 1969. The length distribution of spawning cod at the end of 
1vIarch in both years are given on Fig. 3 (top). 
Fig. 4 shows the effect on growth of starved larvae from eggs developed at 
different ten'1.peratures. The experim.ents were made on eggs froIn coastal 
cod, from ViTestern-Norway, and the ternperature during egg developInent 
was controlled throughout the whole period from. fertilization to mass rllor-
tality occured. The high temperature for one of the groups was given at the 
early period of egg devlOloprnent, and both groups hatched at the same temp-
erature, about 3. 70C~ Irl'espective of egg size the larvae from. eggs de-
veloped at the low temperature were significantly greater. On the other hand, 
the sInall larvae from. high temperature group had a faster growth and reach-
ed about the saIne maxim.um length. The survival of starved larvae from the 
high-teInperature group seems to be sOl"newhat better, although the mean egg 
size is low, Table 1. 
Table 1. Data on mother fish, egg size and growth and survival of starved 
larvae from egg developed at different temperatures. Coastal cod 
from. VJestern-Norway. 
No. of 
fish 
4 
4 
} Length Egg diam., Egg ! Egg ! Tem.p., I Survival 
I I, , 
lof fish, mean, mm. developm..,1 developIn. 'Ilarvae lof starved Ilen~th at 
Icm days !tem.p • jperiod I larvae, hatching, 
J 
I, I days I nun 
I _ I 
I 
Larvae, 
~ I 
61 1,375 22 3,4 ! 3,7 ! 14 4,65 
! I 
74 1,310 15 5, 3j_3, 7 . __ J:9 3,_~8_ 
Vlithin the two temperature groups there is a significant cc.r.relation between 
egg size and larvae length at 50 %-hatching, shown in Fig. 5. This corr~­
lation holds also for the InaxiInuIn length of starved larvae. 
The neutral buoyancy of egg batches from different Arcto-Norwegian cod 
feInales are given in Table 2. 
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Table 2. Data on neutral buoyancy, expressed in 0/00 Salinity, of eggs 
from Arcto-Norwegian cod. 
1969 
1970 
March April 
j • i.; 
Buoyancy, Buoyancy, I No. of Buoyancy, j Buoyancy, lINo. of 
rnean, range, I measurem. mean, I range, rneasurern. 
0/00 S 0/00 S! 0/00 S 0/00 S I 
31,5 
30,5 
29,5-34,2 
29,8-31,0 
1 'J ! Ju 
25 
5 
31, 1 
31,0 
I 
f 29, 7-32,2 
129,9-31,9 
30 
13 
A few egg batches had neutral buoyancy corresponding to salinities higher 
than those found in the surface layer in Lofoten. The salinity at 1 meter 
depth during 1969 was a bO"l".'c 33 per rnille. The cod females which produced 
these eggs of high den8it.,r Lc:.d stayed for some days in the well-boat and 
showed signs of stress (hig~'l serun1. osmolarity, which effects the specific 
gravity of the eggs in the ovary). Eggs from running cod females stripped 
im.mediate1y after being caught always had a specific gravity lower than sea-
water, as shown by the 1970 m.ateria1 in Table 2. The neutral buoyancy of 
cod eggs is not affected by parental factors. 
The influence of the low specific gravity of cod eggs on the vertical distri-
bution of the eggs at different weather conditions is illustrated in Fig. 6. 
On Fig. 7 the size of eggs from Arcto-Norwegian cods of different age are 
shown together with the age-distribution of cod investigated during 1969 and 
1970. The range of gonad ripeness is supposed to be the same for all age 
groups. Again, the difference between J\1arch and April is significant for all 
age groups. The effect of age on egg size seems to be negligible. The some-
what srnaller eggs observed from six-year old fish in April is doubtfull, since 
very few specimens were investigated. 
No correlation was found between first-tin'1.e spawners at different age and 
the egg size. The egg size of fast and slow growing cod females does not 
seem to vary, and the egg size seems to be independent of natural variation 
in the condition factor. 
Size of eggs, length at 50 % -hatching, growth and survival of starved larvae 
from. 15 Arcto-Norwegian cods are outlined in Fig. 8. The material is too 
small to give conclusive results. The temperature conditions during the first 
4-5 days are also somewhat uncertain due to the lack of temperature-con-
trolled equipment during collection and transportation from Lofoten to Bergen. 
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As shown in Fig. 8 the temperature was raised at hatching for so:me of the 
egg batches collected in April, and this affects the larvae length at hatching 
and the growth of starved larvae. The :material from March showed a signi-
ficantly longer survival compared to the April group. This gives the im-
pression that larvae of the larger sized eggs of this group have a longer 
life span when starved. VTithin this group, however, the larvae with longest 
life span comes from the cod ferna1e with smallest eggs. 
nlSCUSSION 
The intraspedfic variation in size of cod eggs was demonstrated by William-
son (l895). So:me authors have tried to split the variation in size of pelagic 
fish eggs into parental and non-parental effects, but the relative i:mportance 
of these effects are disputed (Heincke &: Ehrenbaum 1900, Earll 1880, de 
Ciechornski 1966). It is now generally stated that the egg size decreases 
during the ti:me of spawning (Hiernstra 1962~ Wiborg 1960). However, this 
reduction has been explained as a double effect of 1) a long spawning period 
for individual fish (Grau:man 1965, Mayenne 1940, Sorokin 1957) and 2) the 
arrival of larger fish early in the season (Sund 1938) which are assumed 
to spawn larger eggs (Earll 1880, Heincke &: Ehrenbaum 1900). The present 
m.aterial indicates that for t..~e Arcto-Norwegian cod the first assumption 
holds (Fig. 2), but not the last (Fig. 7). The material of 6-year old fish 
is too small to conclude that this age-group produce smaller eggs than the 
other age-groups in April. In fact 6-year old spawning coastal cod in 
Lofoten have eggs of "normal" size in April, (not shown in Fig. 7). 
The tendency for larger cod to start spawning early in the season (Sund 
1938) can probably be responsible for the irregularity in the reduction of 
egg volun.'1.e in 1969 (Fig. 3). As the length distribution shows the chances 
for "grouped" spawning is larger in 1969. 
The pronounced effect of temperature during egg development on larval 
length at hatching is known for Gadus macrocephalus (Forrester &: 
Alderdice 1966). The combined effect of temperature during egg develop-
ment on length of larvae at hatching and the survival of starved larvae, 
(Fig. 4., Table 1) m.ay influence the egg and larvae population in Lofoten. 
The Arcto-Norwegian cod spawn in water between 4 and 60 C, and the depth 
of the water layer with this temperature vary from year to year. The eggs, 
however, develop in the upper layer. Under special conditions the majority 
of eggs are even found in the upper centimeters, (Fig. 6, Table 2). The 
temperature of the surface layer is more variable from year to year than 
the actual spa·wning depth. No data exists on the distribution of te1l1pera-
ture of the upper centi1l1eters of the surface layer. In Thble 3 some data 
from 4 meter depth off Stamsund are given. 1960 and 1966 represents the 
extremes during the years 1937-1970. 
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Table 3. Temperature. Lofoten, 4 meters depth. 
March April 
0 Temp. C 0 TeInp. C 
Average 1945 -65 3.3 3.5 
1960 4.5 5.2 
1966 1.3 1.8 
The calculated tim.e of egg development in 1960 and 1966 is 17 and 30 days, 
respectively. The delayed appearance of cod larvae in cold seasons due to 
the long period of egg development, tends to bring the larval population 
closer in tim.e to the start of the primary production. 
The difference in temperature between 1960 and 1966 is greater than the 
difference in the experimental groups, (Table 1). This means that in 1960 
the m.ajority of larvae should be small at hatching and have somewhat longer 
survival during starvation. In the cold year 1966 the larvae should hatch 
at a greater length, but have a shorter survival when starved. The adap-
tive significance of these facts is not known. 
The egg size affects the larvae length at hatching (Fig. 5), as also found 
for Engraulis anchoita (de Ciechomski 1966). The maximuIn larval length 
of starved larvae is probably also effected, Fig. 5 and 4. 
Larvae kept at higher temperature after hatching show a faster growth than 
larvae kept at lower temperature, but the maximum size of starved larvae 
seems to be the same for the two groups (Fig. 8). 
As mentioned earlier the present material on larvae from Arcto-Norwegian 
cod is too scanty to give reliable conclusions on the survival of larvae from 
eggs of different size or from different time in the spawning season. 
Controlled experir."-lents in large scale during the whole spawning period are 
needed to answer these questions. 
SUMMARY 
L An intraspecific variation in the size of eggs spawned by Arcto-Norwe~ian 
cod was found. This variation is mostly an effect of the long spawning 
season. A female cod has running eggs for a long period and the first 
eggs spawned are the largest. 
No correlation was found between egg size and age of m.other fish 
(Fig. 7). 
2. The length of larvae at hatching is positively correlated with egg size 
and the same is true for the maximal length obtained by the starved 
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larvae. The material indicates a positive correlation between survival 
of starved larvae and egg size, but the material on Arcto-Norwegian 
cod larvae is too small to give a reliable conclusion. 
3. The neutral buoyancy of cod eggs corresponds to a specific gravity 
lower than the seawater in which they are spawned. During calm 
weather, therefore, the eggs will be found in the surface layer. The 
neutral buoyancy of eggs from Arcto-Norwegian cod is not affected by 
age of n'lother fish. 
4. The temperature during egg development affects the length of larvae at 
hatching and the growth and survival of starved larvae very significantly. 
Small differences in temperature during egg developn'lent will easily 
mask the effect of egg size on the larvae. 
Different temperature s after hatching affects the rate of growth of the 
newly hatched larvae. 
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